United States Environnental Protection Agency
Ofice of Mbile Sources

Cct ober 29, 1997

Greg O Scherer, Manager
Fuel s Technol ogy and Product Section
Sout hwest Research Institute (SwRl)

Dean Schoppe, Manager
Fuel s Testing
E&RG AR

Dear M. Scherer and M. Schoppe:

| amwiting in response to your |letter dated March 6, 1997,
in which you recommended that the Environnental Protection Agency
(EPA) apply revised test equi pment qualification criteria in
evaluating the suitability of intake valve deposit (IVD) contro
tests conducted to conply with the requirenents of EPA s
certification programfor gasoline deposit control (detergent)
additives (61 FR 35309, July 5, 1996). This response al so
considers the additional data presented in a letter from M.
Schoppe dat ed Septenber 24, 1997, on tenperature corrections for
St oddard solvent flow data. Specifically, you recommended t hat
revised pressure valve and fuel injector flow rate specifications
be substituted for those found in the Anerican Society for
St andards and Materials (ASTM D 5500-94 procedure entitled,
"Standard Test Method for Vehicle Evaluation of Unl eaded
Aut onoti ve Spark-1gnition Engine Fuel for |Intake Val ve Deposit
Formation", which is specified for detergent certification
pur poses at 40 CFR 80.165. You al so requested that EPA
tenmporarily waive conpliance with the injector flow pattern
specification in the ASTM D 5500-94 procedure until ASTM resol ves
issues related to its application when injector flowrate is
tested with Stoddard Sol vent rather than isooctane.

A detail ed discussion of these procedural itens is attached.
The order in which they are addressed follows that in your
letter. Until such tinme as EPA anmends the |1VD test procedure
t hrough a rul emaki ng or issues additional guidance, this letter
may be used by the regulated community as a guide regardi ng EPA s
position on the suitability of the changes recommended in your
letter to the ASTM D 5500-94 procedure. As we discussed, this
letter will be released to the general public to serve as an
announcenent to regul ated parties. Thank you for your efforts in
mai nt ai ni ng the soundness of the ASTM D 5500 procedure. Pl ease
contact nme if you have additional concerns.

Si ncerely,

Jeffrey Herzog
Mechani cal Engi neer
Fuel s and Energy Division



Encl osur es

Envi ronnental Protection Agency Position on Suggested Changes to
t he ASTM D-5500-94 Test Procedure Specified for Use Under the
Detergent Certification Program

ltem 1:

Subj ect Requi renent :

Section 8.7.1.1 of the ASTM D 5500-94 procedure states that
the cool ant systemintegrity nmust be checked to conformto the
foll ow ng specifications:

Pressure val ve opens at ...... 90 to 110 kPa (13 to 16 psig)
Vacuum val ve opens at ........ 90 to 110 kPa (13 to 16 psig)
| ssue:

You stated that the specification for the pressure valve is
adequat e and neani ngful, but that it is not possible for the
vacuum val ve to nmeet the specification listed. You also stated
t hat a reasonabl e specification for the vacuum val ve woul d be as
foll ows:

Vacuum val ve opens at 5.06 to 10.13 kPa (1.5 to 3.0 in Hg)

You recommended that this specification should apply to all
(past, present, and future) ASTM D 5500-94 tests conduct ed.

In a phone conversation on June 23, 1997, M. Schoppe
related that the replacenent specifications suggested in your
letter resulted froma review of considerable data fromtests run
at SWRI and EG&G whi ch showed that the suggested specifications
woul d ensure proper functioning of the vacuumvalve. M. Schoppe
al so stated that the suggested specification will be balloted by
ASTMin the future for inclusion in a revised ASTM D 5500
procedur e.

EPA Response:

It is clear that the vacuum val ve specifications in section
8.7.1.1 of the ASTM D 5500-94 procedure are not neani ngful since
t hese specifications bracket nornmal anbient air pressure. EPA
bel i eves that the vacuum val ve specifications recomended in your
letter are based on the best data currently available, and are
likely be adopted by ASTMin a revised ASTM D 5500 procedure.
Therefore, EPA will apply the suggested vacuum val ve
specification of 5.06 to 10.13 kPa (1.5 to 3.0 in Hg) to all 1VD
tests performed to support certification under the gasoline
det ergent program (pursuant to 40 CFR 80.165) in place of the
vacuum val ve specifications in section 8.7.1.1 of the ASTM D
5500- 94 procedure. Based on a review of additional data which
m ght becone avail able or the approval by ASTM of a different
specification, the Agency m ght consider adoption of a different



vacuum val ve specification in the future.
Item 2:

Subj ect Requi rements:

Section 8.5.5.1 of the ASTM D 5500-94 procedure states that
the flow rate of fuel injectors nust be tested at 310 +/- 1.4 kPa
(45 +/- 0.2 psi) using Stoddard sol vent or isooctane. The
specification for flow testing using isooctane states that each
i njector nmust have a flow rate (at 310 kPa, 15.68C) which
confornms to the foll ow ng:

i sooct ane 2.03to 2.09 g/s (0.0716 to 0.0737 oz/s)
Section 8.5.5.1 further states that:

Flow rates shall be adjusted for test conditions of fluid
t enperature and pressure.

| ssue:

You stated that the fuel injector flow rate specifications
in section 8.5.5.1 of the ASTM D 5550-94 procedure were produced
by ASTM based on data fromflow tests on the fuel injectors which
wer e avail abl e when the procedure was devel oped in 1993. Since
1993, you related that the manufacturer of the fuel injectors
specified for use in the ASTM D 5500-94 procedure changed their
manuf acturing processes resulting in a slight alteration to
i njector flow properties. Subsequently, ASTM devel oped flow rate
specifications which are nore appropriate for injectors of
current manufacture. | understand that the flow rate
speci fications recommended for adoption by EPA in your letter
wer e approved by ASTM ballot in June of 1996, and will be
included in a revised ASTM D 5500 procedure to be published by
ASTMin the future. The revised injector flow rate
specifications for flow testing conducted using isooctane are as
foll ows:

i sooct ane 1.94 to 2.06 g/s (0.0684 to 0.0727 o0z/s)

You al so stated that in association with the nodified fl ow
speci fications, ASTM plans to include the following clarification
of the procedural specifications regarding the conditions to
which the reported fuel injector flow rates nust be adjusted:

Fl ow rates shall be corrected to 15.69C (60gF).

EPA Response:

EPA agrees that the flow specifications recommended in your
letter are appropriate for fuel injectors of current nanufacture.
However, it is inappropriate to apply the revised specifications
to all tests conducted using the ASTM D 5500-94 procedure
regardl ess of whether the injectors used were of earlier or nore
recent manufacture. The reconmended | ower bound in the revised
fuel injector flowrate specifications is |ess than the | ower
bound in the ASTM D 5500-94 procedure (1.94 vs 2.03 g/s).
Therefore, injectors of earlier nmanufacturer which would have



complied with the specification on the | owest acceptable flow
rate in the ASTM D 5500-94 procedure woul d also conply with the
revised specification. However, the upper bound in the revised
acceptable range of flowrates is |less than the upper bound in
the ASTM D 5500-94 procedure (2.06 vs 2.09 g/s). Thus, sone
injectors of earlier nmanufacturer that confornmed to the flow
specifications in the ASTM D 5500-94 procedure woul d not conform
with the revised specifications. Consequently, if the revised
specifications were applied to tests conducted in the past as
suggested, sone tests that have al ready been conducted using the
earlier-production injectors night be inappropriately judged to
be invalid for detergent certification purposes. Such an action
woul d be unfair, since these tests were conducted in good faith
usi ng properly functioning fuel injectors which were in
conformty with the requirenents applicable at the tinme. Since
some certifiers mght currently be relying on tests conducted
with earlier-production injectors to substantiate conpliance with
the requirenents for detergent certification, invalidating these
tests could necessitate recertification in sone case which could
result in significant financial hardship for these parties.

To ensure that both earlier and later fuel injector
production batches are properly evaluated for their suitability
for use in the ASTM D 5500 procedure, EPA believes that it would
be nost appropriate to provide separate specifications for the
two fuel injector variants. Under this approach, the fuel
injector specifications in the ASTM D 5500-94 procedure woul d
apply to fuel injectors fromearlier production batches, and the
revised specifications would apply to injectors from current
production batches. 1n a phone conversation on July 23, 1997,
M. Scherer related that BMVstates that it is not possible to
differentiate by | ot nunmber or other nmeans between injectors of
earlier manufacture which were used by ASTMto produce the flow
rate tol erances specified in the ASTM D 5500-94 procedure, and
those of current manufacture which were used by ASTMto produce
the revised flow rate specifications. Fuel injectors of both
earlier and current manufacture conformto the same part nunber
as specified in the annex to the ASTM D 5500 procedure (BMN part
nunber 13 14 1 179 232).

Since it is not possible to apply separate specifications
for earlier and current fuel injector production batches, EPA
believes that it is suitable to apply broadened acceptance
criteria which spans the allowed variability for both injector
production variants to tests in which m|eage accunul ati on was
initiated prior to the date of this notification. Tests in which
m | eage accunul ati on was begun after Cctober 30, 1997, would be
required to conply with the specifications suggested in your
letter for injectors of current manufacture. Allow ng increased
variability in the flowrates of injectors used in tests that
have al ready been conducted is necessary to prevent the potential
i nvalidation of tests which used injectors fromearlier
production batches that confornmed to the flow specifications
germane to these injectors.



EPA will apply the follow ng fuel injector flow
specifications for flow testing conducted using isooctane in
eval uating the acceptability of IVD test data for detergent
certification purposes in place of the specifications in section
8.5.5.1 of the ASTM D 5500-94 procedure:

For tests in which vehicle mleage accumul ati on was
initiated on or prior to Cctober 30, 1997, the follow ng
specifications on injector flowrates will apply:

i sooct ane 1.94 to 2.09 g/s (0.0684 to 0.0737 o0z/s)

For tests in which vehicle mleage accumul ati on was
initiated after Cctober 30, 1997, the foll ow ng
specifications on injector flowrates will apply:

i sooct ane 1.94 to 2.06 g/s (0.0684 to 0.0727 oz/s)

EPA agrees that the suggested revision to the specifications
on the conditions to which the reported fuel injector flow rates
nmust be adjusted resolves anbiguities present in the current ASTM
D 5500-94 procedure. 1In keeping with your suggested revision to
the procedure, EPA will continue to require that flow rates
reported pursuant to section 8.5.5.1 of the ASTM D 5500-94
procedure be adjusted to 15.68C (60gF).

Potential Inpacts of the Tenporary Application of Broadened

Acceptance Criteria

The tenporary application of broadened acceptance criteria
in evaluating the suitability of fuel injectors for certification
testing purposes necessitates an eval uation of the potential
i ntroduction of test bias and associated inpact on the em ssions
control goals of the detergent program The application of
broadened acceptance criteria will allow injectors fromlater
production batches that have a flowrate as high as 0.03 g/s
greater than that specified in the planned ASTM anendnents to
procedure D 5500 to be judged acceptable in past tests. However,
EPA does not believe that this will result in the introduction of
significant test bias since the magnitude of the increase in the
upper limt of the allowable injector flowrates for |ater
production injectors is mninmal and there are factors which
mtigate agai nst such variation having a significant inpact on
test results.

The application of broadened acceptance criteria will also
allow earlier production injectors that have flow rates as nuch
as 0.09 g/s lower than that specified in the ASTM D 5500- 94
procedure to be judged acceptable for use. The nmagnitude of this
potential difference fromappropriate flow specifications raises
somewhat nore concern regardi ng potential test bias which m ght
be introduced. However, there are several factors to nmitigate
this concern. Firstly, EPA believes that nost injectors of
earlier manufacture were evaluated for use based on the criteria
in the ASTM D 5500-94 procedure, which were tailored to the
particular flow characteristics of these injectors. |If earlier



production injectors did not conformto these specifications,

t hey woul d have been identified as unsuitable for use and
discarded. It was only after current-manufacture injectors were
identified as requiring different flow specifications and
appropriate specifications were devel oped by ASTM that industry
began applying the revised fl ow specifications. EPA believes
that it is unlikely that a significant nunber of earlier
production injectors continued in use after industry started
eval uating the acceptability of injectors based on the fl ow
speci fication devel oped for current production fuel injectors.

EPA' s experience regarding the various test paranmeters which
i nfluence the results of IVD testing indicates that injector flow
has a relatively small effect on test results within the
descri bed range of variability, relative to the effect of other
testing parameters such as valve tenperature (as eval uated by

engi ne cool ant tenperature). |In addition, it is not possible to
definitively determne the directional effect that decreased (or
increased) fuel flow w |l have on IVD test results since the

i mportant factors to consider have conpeting effects on test
severity. As discussed below, the overall effect that these
factors will have on IVD test results is dependent on the deposit
form ng tendency of the base fuel, the efficacy of the additive
used, and unknowns regardi ng deposit fornation processes relative
to these factors.

Fl owi ng additi onal fuel over the intake valves tends to
provide nore material to formdeposits. However, increased fue
flow al so tends to decrease the tenperature of the valves
slightly, thereby reducing the amount of deposits formed. EPA s
not aware of data to quantify the differential cooling effect.
However, it is reasonable to assunme that this effect is very
small relative to the magnitude of the difference in injector
flow rates considered. The degree to which increased fuel flow
i ncreases deposit test results due to the availability of nore
material to build deposits varies according to the severity of
t he base test fuel, with the potential inpact probably being nore
pronounced for nore severe fuels. However, there are inadequate
data to quantify the magnitude of the potential increase in test
severity which results fromincreased fuel flowrelative to
differences in test fuel deposit form ng severity.

If the fuel is additized, flow ng greater volumes over the
valves will not only bring nore material fromwhich to form
deposits, but will also increase an additive's deposit contro
activity since nore additive will flow over the val ve.
Differences in the deposit control characteristics of different
additive types and in the efficacy of different detergent
packages relative to the base test fuel used will affect the
extent to which increased additive flow over the valve tends to
reduce VD test results. Although it is not possible to
det ermi ne which of these conpeting nechani sms woul d predoni nate
in determning the overall effect on IVD test results of
increased fuel flow, EPA believes that given that the potentia
effect of any of these mechanisnms is small for the case



consi dered, the overall inpact on test severity would be margina
at nost. Therefore, it appears reasonable to assune that the
potential inpact of the additional variability in injector flow
within the range allowed would not result in significant test

bi as.

The test validation criteria regarding the anmount of fuel
consuned during the test in section 10.4.4 of the ASTM D 5500-94
procedure will also serve to limt the potential inpact on test
results of increased variability in injector flowrate. Section
10. 4.4 states that average fuel consunption nust be between 10.2
kmL and 12.8 kmiL (24 to 30 npg) for the test duration for the
test to be valid. The potential inpact on test results of
al | owi ng broader injector acceptance criteria will also be of
[imted duration, since tests initiated after Cctober 30, 1997,
are required to conply with the flow rate specifications tailored
to the characteristics of current manufacture injectors. 1In
addi tion, since EPA expects that additive manufacturers will
retire additive certifications at a rate of 15% per year[1l], the
potential inpact on the em ssions control goals of the detergent
program of certifications which mght be based on tests that were
bi ased to a degree by increased variability in injector flow
woul d be of limted duration

Considering these factors, EPA believes that the potenti al
i mpact on the em ssions benefits of the detergent program of
appl ying the broadened injector flow criteria is negligible.
EPA m ght consider the adoption of a different flow rate
specification for flow testing conducted using isooctane based on
a review of additional data, if such data beconmes avail able, or
t he approval by ASTM of a different specification.

ltem 3:

Subj ect Requi renents:

The specification for flow testing fuel injectors using
St oddard solvent in section 8.5.5.1 of the ASTM D 5500- 94
procedure states that each fuel injector nust have a flow rate
(at 310 kPa, 15.6 @C) which conforms to the foll ow ng:

St oddar d sol vent 2.30 to 2.36 g/s (0.0811 to 0.0832 oz/s)

Section 8.5.5.3 of the ASTM D 5500-94 procedure states
that the spray pattern of each injector nmust conformto specified
vi sual inspection criteria.

| ssues:

You stated that at the time the ASTM D 5500- 94 procedure was
finalized, data on appropriate fuel injector flow rates using
St oddard sol vent were not avail able. Consequently, a conversion
factor based on specific gravity was applied to the isooctane
flow testing specifications to produce the specifications for
flow testing using Stoddard solvent. It is now recognized that
this neans of conversion does not take into account viscosity
di fferences between isooctane and Stoddard sol vent, which wll



affect the flowrate. You noted that since Stoddard sol vent has
a higher viscosity, less Stoddard solvent will flow through a
given injector in comparison to isooctane.

Your letter dated March 4, 1997, included the results of a
program conducted at three different test |aboratories which
conpared flow rates on three sets of four injectors using
i sooctane and Stoddard solvent. 1In a followup letter dated
Sept enber 24, 1997, M. Schoppe provided additional data to
correct the results of this interlaboratory data to 60gF, as
required in the ASTM D 5500 procedure. The tenperature-corrected
results of the inter-laboratory study showed smal |l er differences
in flowrate using Stoddard sol vent and isooctane than was
predicted by the specific-gravity conversion cal cul ati on which
formed the basis for the specifications for flowtesting with
St oddard solvent in section 8.5.5.1 of the ASTM D 5500- 94
procedur e.

Based on the tenperature-corrected inter-|laboratory test
data and other testing experience, you suggested that the
St oddard solvent flow rate specifications be changed fromthe
specification in the ASTM D 5500-94 procedure to the foll ow ng:

St oddard solvent: 1.89 to 2.01 g/s (0.0667 to 0.0709 oz/s).

You stated that, the suggested specification should apply to
all (past, present, and future) ASTM D 5500-94 tests.

You al so stated that due to the viscosity differences
bet ween i sooctane and Stoddard sol vent, a proper fuel injector
spray pattern cannot be attained using Stoddard solvent. You
stated that it is intended that ASTMrevi ew the sections
pertaining to visual inspection of the fuel injectors and devel op
a consensus on how to address the problem Until ASTM nmakes such
a determnation, you reconmended that EPA not require the visua
eval uation of fuel injector spray pattern if the injectors are
flow tested with Stoddard sol vent.

In a phone conversation with Dean Schoppe on June 23, 1997,
M. Schoppe related that unless EPA waives this requirenent,
parties who test injector flowrate with Stoddard solvent will be
forced to continue perfornming a separate evaluation of injector
spray pattern using isooctane, resulting in additional cost and
| ogistical difficulties.

EPA Response:

EPA agrees that the Stoddard sol vent flow specifications in
the ASTM D 5500-94 procedure are unrepresentative and should be
replaced with the specifications suggested in your letter dated
Sept enber 24, 1997. Since the specifications in your letter are
based on tenperature-corrected results froma matrix of inter-
| aboratory test data, they are clearly nore appropriate than
those in the ASTM D 5500-94 procedure which are based on a
nmet hodol ogy of extrapol ation fromisooctane fl ow specifications
that did not take into account the substantial effect of



di fferences in viscosity between isooctane and Stoddard sol vent.
Application of the injector flow rate specifications for Stoddard
solvent in the ASTM D 5500-94 procedure would allow injectors
with inappropriately high flowrates to be used, and woul d
exclude fromuse injectors with flowrates in the appropriate
range, thereby effectively barring the use of Stoddard sol vent
for flow testing. However, EPA believes that applying the
revised flow specifications to past tests is inappropriate since
this would potentially invalidate tests which net the
gualification criteria applicable at the time. Consequently, in
keeping with the discussion in the previous section, EPA believes
that the only workabl e approach in evaluating the validity of
past tests is to apply broadened injector flow specifications

whi ch enconpass both the specifications in the ASTM D 5500- 94
procedure and those recommended in your letter.

In place of the specifications in section 8.5.5.1 of the
ASTM D 5500-94 procedure, EPA will apply the foll ow ng fuel
injector flow specifications for flow testing conducted using
St oddard sol vent:

For tests in which vehicle ml|eage accunul ati on was
initiated on or prior to Cctober 30, 1997, the follow ng
specifications on injector flowrates will apply:

St oddar d sol vent 1.89 to 2.36 g/s (0.0667 to 0.0832 o0z/5s)

For tests in which vehicle mleage accurul ati on was
initiated after October 30, 1997, the follow ng
specifications on injector flowrates will apply:

St oddar d sol vent 1.89 to 2.01 g/s (0.0667 to 0.0716 o0z/s)

EPA cannot at this tine waive conpliance with the
requi rement that the fuel injector flow pattern conformwi th the
specifications in the ASTM D 5500-94 procedure. ASTM det erm ned
t hrough an industry consensus process, and EPA continues to
believe, that a specification on injector flow pattern is useful
inlimting test variability. EPA does not believe that
requiring parties who evaluate flow rate using Stoddard sol vent
to conduct an evaluation of flow pattern quality represents a
substantial hardship for these parties. A party who wi shes to
conduct flow rate testing using Stoddard sol vent can eval uate
flow pattern at their |aboratory using isooctane or contract with
anot her | aboratory to have the flow pattern eval uated using
i sooctane. In addition, both injector flowrate and flow pattern
testing can be conducted using isooctane. All things considered,
EPA believes that it is appropriate to defer further
consi deration of the issue until input fromASTMis avail abl e.

Potential Inpact of the Tenporary Application of Broadened
Acceptance Criteria

Specifying that tests conducted before the release of this
notification nmust conply with the conbi ned range of acceptable
fl ow val ues di scussed above will allow the use of I1VD test data



whi ch were collected using injectors that have a flow rate as
much as 0.33 g/s above the appropriate linmt identified in your
letter. This magnitude of increased fuel injector flow outside
of the bounds of the appropriate limts raises somewhat nore
concern regarding the potential inpact on the representativeness
of IVD test results with respect to ensuring a proper |evel of
deposit control than that discussed in the previous section
However, for many of the same reasons discussed in the section
above, EPA believes that the potential inpact on the deposit
control goals of the programis margi nal and woul d be short-term
in nature. In addition, EPA believes that little if any IVD
testing was conducted using Stoddard solvent to flow test
injectors until the devel opnment of the revised flow
specifications. Flow tests conducted using Stoddard sol vent

i medi ately after the devel opnent of the ASTM D 5500-94 procedure
woul d have quickly shown that neeting the stated specification
was inpractical. The specifications determined to be appropriate
t hrough your inter-laboratory study are significantly different
and do not overlap those in the ASTM D 5500-94 procedure. Thus,
it is highly unlikely that |Iengthy and costly IVD testing woul d
have been undertaken using injectors flowtested with Stoddard
solvent until the appropriate flow specifications were avail abl e.
Also, it is EPA s understanding that the revised fl ow

speci ficati ons have been observed by | aboratories which have used
Stoddard solvent to flowtest injectors in conducting IVD tests

i ntended for detergent certification purposes.

[1] Regulatory Inpact Analysis for the Detergent Certification Program
Docket A-91-77, Item V-B-01
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